INTRODUCTION {#sec1-1}
============

Tea is the most consumed drink in the world after water. Over the last few decades, green tea has been subjected to many scientific and medical studies. Since ancient times, green tea has been considered by the traditional Chinese medicine as a healthful beverage. Increasing interest in its health benefits has led to the inclusion of green tea in the group of beverages with functional properties.

Non-surgical periodontal therapy has long been documented to preserve the natural dentition by achieving and maintaining a healthy periodontium.\[[@ref1]\] Green tea contains a number of bioactive chemicals. It is particularly rich in flavonoids, including catechins, and their derivatives, such as (−)-epigallocatechin-3- gallate (EGCG), (−)- epigallocatechin (EGC), (−)-epicatechin-3-gallate (ECG), (−)-epicatechin. These polyphenolic compounds, the most abundant of which is epigallocatechin gallate (EGCG), are thought to contribute to the beneficial effects ascribed to tea.\[[@ref2]\] Green tea has the ability to reduce symptoms of periodontal disease due to the presence of the antioxidant catechin.\[[@ref2]\]

Periodontitis is an infectious disease of bacterial etiology, immunological response, and tissue destruction.\[[@ref3]\] Studies have shown that the catechin has an inhibitory effect on the collagenase activity and suggests that it may be useful for prevention of periodontal diseases.\[[@ref2]\] Numerous studies have shown that the green tea extracts can be used in the form of local drug delivery system\[[@ref4]\] at a concentration of 1.0 mg/ml.

Apart from its effect on the putative periodontal pathogens, green tea is also known to have beneficial effects against dental caries.\[[@ref5]\] Hence, in this study, the efficacy of green tea catechin was analyzed as a local drug delivery system for the treatment of periodontal pockets as an adjunct to scaling and root planing.

MATERIALS AND METHODS {#sec1-2}
=====================

Experimental design and patient selection {#sec2-1}
-----------------------------------------

It was a randomized and placebo-controlled clinical trial, where a split mouth design was followed in each subject, 2 sites in the contra-lateral quadrants with probing pocket depths with 5 mm and more at baseline were chosen.

During the initial phase, all the subjects were explained about proper home-care techniques and monitored during study period and received full mouth scaling and root planing (SRP). The patients were then randomly divided into 2 groups; a study group and a control group. All subjects received microbiological and clinical monitoring at baseline, 1^st^ week, and 5^th^ week respectively. The study was approved by the ethical committee of Maratha Mandal\'s Nathajirao G. Halgekar Institute of Dental Sciences and Research Center, Belgaum. The research objectives were explained to the patients, who then signed an informed consent form.

Subject population and inclusion/exclusion criteria {#sec2-2}
---------------------------------------------------

A total of 20 subjects with untreated chronic periodontitis were selected by one of the author from the population referred to the department of periodontics. Detailed medical, periodontal, and dental histories were obtained. All the eligible subjects were informed of the nature, potential risks, and benefits of the study.

The inclusion criteria were as follows, age \>35 yrs, probing depth of 5 mm or more, dentate with \>20 natural teeth. The exclusion criteria were medically compromised patients, patients who have been administered antibiotic or antimicrobial in the past 6 months, smokers, pregnant, and lactating mother.

Determination of periodontal status {#sec2-3}
-----------------------------------

All the participants were evaluated clinically. The following clinical and periodontal parameters were assessed by the same examiner, the plaque index (Silness and Loe 1964), gingival index (Loe and Silness 1963), and probing depth, measured to the nearest millimeter from the gingival margin to the bottom of the pocket was noted using calibrated William\'s periodontal probe for all measurements.

Collection of plaque samples {#sec2-4}
----------------------------

Plaque samples were collected from sites of each patient with \>5 mm probing depth after isolating the selected sites with sterile cotton rolls. A sterile Gracey curette was inserted into the selected sites in both groups, and the sub-gingival plaque samples were obtained. After collection of plaque samples, they were immediately transferred into a sterile vial containing TE buffer. The plaque samples were stored at 4°C until subsequent analysis.

Catechin strip placement {#sec2-5}
------------------------

The Hydroxy propyl cellulose strips (HPC), ^\*^containing catechin, were rectangular measuring 2 mm in width, 4 mm in length, and 0.3 mm in thickness and were placed into the selected study sites and covered by Coe-pack to keep the strip in place.

Microbiological assay {#sec2-6}
---------------------

One sub-gingival plaque sample was collected from the study and control sites per subject at baseline, 1^st^ week, and 5^th^ week. After the clinical parameters were recorded, the sub-gingival plaque samples were taken and stored at 4°C in a sterile vial containing TE buffer solution. The counts of 3 bacterial species were then determined in each of the samples using PCR analysis.

Statistical analysis {#sec2-7}
--------------------

The data so collected were then put for statistical analysis, and the mean values of the observed variables were put to following statistical test. Paired *t* test, Chi-square test, and Wilcoxon\'s test were applied, where *P* \< 0.05 was considered as significant.

RESULTS {#sec1-3}
=======

The present study was conducted to assess the clinical and microbiological efficacy of Green tea catechin local drug delivery system as an adjunct to scaling and root planing in the treatment of patients with chronic periodontitis. The study included 20 patients with a total of 40 sites that were randomly allocated into 2 groups. Each group consisted of 20 sites that were followed up to 5^th^ week. Intragroup and intergroup comparisons for clinical and microbiological parameters were done at baseline, 1^st^ week, and 5^th^ week.

Intragroup comparison: Clinical parameters {#sec2-8}
------------------------------------------

Tables [1](#T1){ref-type="table"}-[3](#T3){ref-type="table"} and Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} show the mean values of clinical parameters at baseline, 1^st^ week, and 5^th^ week. The reduction in probing depth, gingival index, and plaque index from baseline to 1^st^ week and baseline to 5^th^ week was statistically significant (*P* \< 0.001) in both study and control group.

###### 

The mean reduction of probing depth in study and control groups at various intervals
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###### 

The mean reduction of gingival index in study and control groups at various intervals
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###### 

The mean reduction of plaque index in study and control groups at various time intervals
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![Mean reduction in probing depth from baseline to 5^th^ week in study and control group](JISP-17-204-g004){#F1}

![Mean reduction of gingival index from baseline to 5^th^ week in study and control group](JISP-17-204-g005){#F2}

Intergroup comparison of clinical parameters {#sec2-9}
--------------------------------------------

Tables [4](#T4){ref-type="table"}-[6](#T6){ref-type="table"} depict difference in the probing depths, gingival index, and plaque index between study and control group at baseline, 1^st^ week, and 5^th^ week, and also reduction in the clinical parameters from baseline to 5^th^ week was compared between study group and control group.

###### 

Comparison of reduction in the probing depth between study and control groups at various time intervals

![](JISP-17-204-g006)

###### 

Comparison of reduction of gingival Index between study and control groups at various time intervals
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###### 

Comparison of reduction in the plaque index between study and control groups at various time intervals

![](JISP-17-204-g008)

The differences in mean probing depth, gingival index, and plaque index between study and control group at various intervals were statistically insignificant. Similarly, the comparison of reduction in clinical parameters from baseline to 5^th^ week showed that there was no statistically significant difference between study and control group.

Microbiological analysis {#sec2-10}
------------------------

The number of red complex organisms namely *Treponema denticola* (Td), *Tannerella forsythia* (Tf), *Porphyromonas gingivalis* (Pg) were analyzed at baseline, 1^st^ week, and 5^th^ week in both the groups.

Intergroup comparison of Td, Tf, and Pg organisms in study group and control groups at baseline, 1^st^ week, and 5^th^ week showed that there was statistically significant reduction in Tf at 1^st^ week and 5^th^ week and Pg at 1^st^ week from baseline in study group as compared to control group \[[Table 7](#T7){ref-type="table"}, Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}\].

###### 

Inter group comparison of Td, Tf, and Pg organism at Baseline, 1^st^ week, and 5^th^ week in study and control groups
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![Distribution of Tf organisms present at various time interval in study and control group](JISP-17-204-g010){#F3}

![Distribution of Pg organism present at various intervals in study and control group](JISP-17-204-g011){#F4}

The Intragroup comparison of mean reduction of red complex organisms in study group and control group showed statistically significant reduction of red complex organisms from baseline to 1^st^ week and 5^th^ week \[[Table 8](#T8){ref-type="table"}\].

###### 

Intra group comparison of mean reduction of red complex organisms in study group and control group

![](JISP-17-204-g012)

DISCUSSION {#sec1-4}
==========

The concept of periodontal disease has changed considerably over the years. The putative pathogens associated with periodontal diseases are susceptible to a variety of antiseptics and antibiotics.\[[@ref6]\] Non-surgical periodontal therapy has long been documented to preserve the natural dentition by achieving and maintaining a healthy periodontium.\[[@ref7]\] According to the current state of knowledge, species such as the red complex organisms are a few of them; those have shown to play a major role in the pathogenesis of periodontal diseases.\[[@ref8]\]

The gold standard of periodontal therapy has been scaling and root planing; however, various adjunctives like local drug delivery have been used in conjunction to this to improve the therapeutic results. Several *in vitro* studies have suggested that green tea catechins such as (-). epigallocatechin gallate (EGCG), inhibit periodontal pathogens\[[@ref5]\] and the destruction of the periodontal tissue.\[[@ref9][@ref10]\]

The application of biogradable and bioresorbable polymers in drug delivery and clinical medicine has gained increased attention in recent years.\[[@ref11]\] Delivery of green tea catechin has been documented as an effective vehicle for local drug delivery in periodontal pockets by Noguchi *et al*.\[[@ref11]\]

In the present study, a significant decrease in both plaque and gingival index scores was seen, the reduction in PI was 0.90 ± 0.55 and that for GI was 1.15 ± 0.58 from baseline to 5^th^ week. This reduction was in accordance to the results obtained by Knowles *et al*.\[[@ref12]\] and Ramfjord *et al*.\[[@ref13]\]

Results of probing pocket depth (PPD) in control group showed a mean reduction of 1.2 mm (5.6 ± 0.99 to 5.2 ± 1.01) from baseline to 5^th^ week. This was in accordance with the study done by Ryder MI,\[[@ref14]\] in which there was a mean reduction in PPD of 1.1 mm at the end of 6 months. Results of PPD in study group showed a mean reduction of 1.6 mm (6.2 ± 1.28 mm to 4.6 ± 1.23 mm) from baseline to 5^th^ week. This was in accordance with the study done by Hirasawa *et al*.\[[@ref15]\] where he used green tea catechins as local drug delivery system for 8 weeks and reported a 1.3 mm reduction in PPD. This reduction in PPD could be attributed to anti-inflammatory role of green tea catechins.\[[@ref9][@ref16]\]

A statistical significant reduction in PPD was found from baseline to 5^th^ week in both the groups. The reduction found in PPD was consistent with a reduction of inflammation in the adjacent gingival tissues. This reduction in inflammation and presence of healing in the connective tissue subjacent to the junctional epithelium can be attributed to the property of green tea catechin to inhibit tissue collagenase activity.\[[@ref17]\] The seemingly greater closure of pockets could have been enhanced by the possibility of green tea catechin adsorbing onto the mineralized dental structures where it may act as a reservoir of the anti-microbial agent during a period of substantivity.\[[@ref15]\]

However, intergroup comparison between study and control group was statistically insignificant for PPD, PI, and GI. This insignificant reduction in clinical parameters may be due to non-standardization of the pocket depths and also due to inaccessibility of instrumentation into the deep pockets that would affect the results.

PCR was used to monitor the effects of mechanical and/or chemical therapy on the sub-gingival microflora, as PCR assay has been shown to be highly sensitive and specific for the periodontal pathogens.\[[@ref18]\] Green tea catechin has been shown to be effective in altering the flora and acting as an adjunct to scaling and root planing by Cobb *et al*. and Bruce *et al*.\[[@ref19][@ref20]\] A significantly greater reduction in Tf at 1^st^ week and 5^th^ week and Pg at 1^st^ week was observed in study group when compared to control group \[[Table 7](#T7){ref-type="table"}\]. As evident from this study, the results demonstrate clinical and microbiological improvements following the use of green tea catechin chip as an adjunct to scaling and root planing.

Further research with relatively large sample size, longer follow-up period, and use of advanced newer delivery systems are advocated to further study the efficacy of green tea as an effective local drug delivery agent in periodontal therapy.

^\*^- Ambe Phyto Extracts Pvt. Ltd., Hasanpur, Delhi.
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